1. The effects of 2 1 cationized serum albumin samples of various degrees of cationization on renal function were studied in the dog. The samples were perfused intra-aortically to obtain preferential perfusion of the left kidney in 25 dogs. Standard clearance techniques were used, associated in six dogs with sieving studies of 1251-labelled polyvinylpyrrolidone (1251-PW) and with an extensive morphological study in 15 dogs.
1. The effects of 2 1 cationized serum albumin samples of various degrees of cationization on renal function were studied in the dog. The samples were perfused intra-aortically to obtain preferential perfusion of the left kidney in 25 dogs. Standard clearance techniques were used, associated in six dogs with sieving studies of 1251-labelled polyvinylpyrrolidone (1251-PW) and with an extensive morphological study in 15 dogs.
2. Renal effects were observed. (a) Renal effects in left kidneys. The perfusion with weakly cationized albumin (group 1) produced moderate proteinuria associated with the deposition of cationized albumin on the anionic sites of the basement membrane. Glomerular filtration rate (GFR) was unaltered. Perfusion with highly cationized samples (group 2) produced more severe proteinuria and a significant decrease in GFR. Glomerular permeability to 1251-PW increased. Perfusion with the four samples of highest PI (group 3) was followed by anuria. (b) Renal effects in right kidneys. A retarded mild proteinuria appeared only in group 2 and group 3 animals without alteration of GFR. All the kidneys (group 1 included), with the exception of two (group 3), showed deposition of the protein in the anionic sites.
3. The following extrarenal effects were observed essentially in group 2 and group 3 animals: erythrocyte agglutination and haemolysis, platelet aggregation and thrombocytopenia, and a decrease in plasma fibrogen level due to fibrinogen precipitation. These effects produced progressive obstruction in the glomerular capillaries, thus
Introduction
Previous morphological and physiological studies have established that cationic proteins, e.g. cationized ferritin [l] , protamine [2] and lysozyme [3] , as well as synthetic polycations, e.g. hexadimethrine [4] and polyethylenimine [5] , bind to the anionic sites of the glomerular basement membrane (GBM) and increase the urinary excretion of native plasma proteins [6- 91. This effect is claimed to be due to the neutralization of the so-called 'electric glomerulw barrier' [lo]. In these above mectioned studies proteinuria was accompanied by a decrease in glomerular filtration rate (GFR), the origin of which was not clearly established.
Cationized proteins and polycations also have extrarenal effects. They have been found to bind to the sialic acid components present in the erythrocyte membrane and induce erythrocyte agglutination [1 1, 121 . Some naturally occurring cationic proteins isolated from granules present in the eosinophils and neutrophils [13, 141 were found to cause platelet aggregation [15] and to inhibit the growth of endothelial cells [16] .
They also interact in vitro with fibrinogen and accelerate clotting in the presence of thrombin
In the present study we tried to answer two questions, namely: (a) does the neutralization of the fmed negative charges in the glomerular walls of the dog kidney increase the passage of anionic plasma proteins in the glomerular filtrate and induce proteinuria?; (b) how do these proteins alter glomerular function? The choice of the dog as experimental animal was made on the basis that haemodynamically active agents, e.g. angiotensin 11, induce proteinuria in the rat but not in the dog [18, 191. We studied the effects of cationized serum albumin (A+). This protein has been used in previous studies [6] but we directed our attention to two points: (a) a wider span of averaged PI, from 7.9 to 11 ; (b) a preferential perfusion of the left kidney, thus allowing physiological and morphological comparison of both kidneys at different stages of the renal disease. ~7 1 .
Material and methods

Preparation of the A+ samples
The procedure was previously described by Danon et al. [20] . Briefly, a 2mol/l solution of the nucleophile hexamethylenediamine (Fluka, AG, Buchs, Switzerland) was prepared and adjusted either to pH 6.5 (highly cationized) or 7.2 (weakly cationized samples) with HC1 (6 mol/l). Ten millilitres of a 10% (w/v) solution of the native albumin, canine or human (Sigma Chemical Co., St Louis, MO, U.S.A.), were added slowly to 90 ml of the initial 2 mol/l solution of the nucleophile. Thereafter, 2 g of the activator dimethylaminopropyl carbodi-imide hydrochloride (Fluka, AG) dissolved in 20 ml of distilled water, was added slowly at room temperature with continuous stirring. The pH was continuously adjusted t o the chosen value by the addition of HCl (0.2 mol/l) until no change in pH was recorded. After 12 h at room temperature the solution was dialysed in the cold against distilled water and then freeze dried.
In order to increase further the degree of cationization, the amount of the activator was brought from 2 to 4 g per g of albumin, as suggested by Kanwar & Farquhar [21] . On the whole, 15 canine and 6 human A' samples were prepared.
Experimental procedure
The dogs were anaesthetized with pentobarbitone and both ureters were catheterized through a median suprapubic incision. A Swan-Ganz flowdirected monitoring catheter (model 93-1 23-6, Edwards Labs, Santa Ana, CA, U.S.A.) was passed into the aorta through the femoral artery. Blood pressure was monitored through another femoral catheter connected to a damped mercury manometer. The left renal vessels were exposed through a flank incision and a Vygon catheter, 1.2 mm in external diameter (Vygon, Ecouen, France), was passed into the renal vein through a collateral vessel. A brachial artery cannula was used t o sample arterial blood; measurements of the urinary clearances of inulin, creatinine and sodium p-aminohippurate (PAH) were performed by a standard constant rate infusion clearance technique.
After stabilization of plasma concentrations, a control urine collection of 40min duration was obtained, associated with left renal vein and arterial blood sampling. The aortic catheter was then positioned under manual control at the origin of the left renal artery. Electropositive protein (500 mg) was dissolved in 40 ml of NaCl (0.15 mol/l) and immediately filtered on a MF 25 mm filter (RA 1.2 pm) (Millipore Corp., Bedford, MA, U.S.A.). The perfusion of A+ started at a rate of 6 mg/min. It was then gradually increased at 10 min intervals up to 12 or 20 mg/min (depending on the degree of cationization) provided that blood pressure, pulse and respiratory rate remained constant. If the left kidney became oliguric as compared with the right, the perfusion was slowed down or even interrupted.
From 60 to 90 min after the beginning of the perfusion of A+, urine collections were started again and two to four collection periods lasting 30-40min were run. After this, the position of the aortic catheter was verified and both kidneys were removed and weighed. Tissue samples were processed for light and electron microscopy. In all, 25 mongrel dogs (20-30 kg body weight) were studied. The glomerular sieving of neutral 12' 1-labelled polyvinylpyrrolidone ('251-PVP) was studied concomitantly in six dogs. As a control for morphology, two dogs received an intrarenal infusion of dog native albumin at a rate of 10.4 mg/min for 2 15 min.
Analytical methods
Degree of cationization and of polymerization o f the samples. To estimate the degree of cationization, three criteria were applied: (1) electrofocusing with Ampholine PAC plates (PH range 3.5-9.5; LKB, Bromma, Sweden); (2) protein precipitability as a function of pH, the protein (75 mg/lO ml) being initially dissolved either in distilled water or in NaCl solution (0.15 mol/l); (3) desalting characteristics of the protein after binding to a cation exchanger (SP Sephadex C 50; Pharmacia, Sweden). The A+ sample dissolved in 0.005 mol/l phosphate buffer (pH 6.5) was deposited on the column and salted out by superimposing a NaCl gradient (0-2 mol/l).
The percentages of monomer and polymers in the samples were estimated by polyacrylamide-gel electrophoresis (gel concentration lo%, phosphate buffer pH 6, 0.030 mol/l). The gels were stained with Coomassie blue R 250 and scanned in a Beckman CDS 100 computing system (Beckman Instruments, Inc., Fullerton, CA, U.S.A.).
The effect of cationization on the hydrodynamic behaviour of the molecules was examined by measuring the Einstein-Stokes radius (a,) of the monomer fraction by gel chromatography (Sephadex G 200; Pharmacia, Uppsala, Sweden).
Extrarenal effects of A+. (1) In vivo. Blood platelets were counted in a Thoma counting chamber. Plasma fibrinogen was estimated gravimetrically [22] . Plasma and urine haemoglobin (Hb) concentrations were measured according to Van Kampen & Zijlstra [23] . (2) In vitro. The concentrations of A' agglutinating 50% of the erythrocytes in Ashby's test [24] were estimated for three samples with increasing degrees of cationization [25] . Interaction with fibrinogen has been studied by using pure fibrinogen (Kabi, Stockholm, Sweden) dissolved in NaCl (0.150 mol/l) (45 mg/ml) and dialysed against urea (1 mol/l) in NaCl (0.15 mol/l) to remove citrate and prevent precipitation.
Clearance measurements and protein excretion. Inulin was estimated according to Roe et al. [26] , PAH according to Waugh & Beall [27] , creatinine according to Bonsnes & Taussky [28] , plasma and urine protein concentrations according to Lowry et al. [29] ; when proteinuria had to be corrected for the presence of Hb, its Lowry equivalent was 0.895 times Hb concentration.
Sieving of 1 2 5~-~V~. 1251-PVP fractions of known molecular size were separated on Sephadex G 200 columns as described by Hardwicke et al. [30] . The columns were calibrated as described previously [31] . Binding of '251-PVP to plasma proteins was prevented by the infusion of unlabelled P W at the beginning of the experimental procedure (4 mg/kg body weight).
Morphological techniques. Sections for light microscopy were stained with Mallory's phosphotungstic haematoxylin.
Blocks for electron microscopy were first futed in 2.5% glutaraldehyde buffered at pH 7.4, and 0.75 mol/l s-collidine, followed by post-fixing in 1% GO4. The blocks were then stained in uranyl acetate buffered at pH 5.3 (sodium barbitone and HC1). After the usual dehydration procedure, embedding was carried out in epoxyresin medium according to Spurr [32] . Ultrathin sections were post-stained with lead citrate and examined under a Zeiss EM 9 electron microscope.
Results
Characterization of the A+ samples
The samples are listed in Table 1 according to their elution characteristics in cation-exchange chromatography. Owing to the lack of material, three samples could not be completely investigated. Electrofocusing was useful for the determination of PI of three samples only, the others moving beyond the cathodic edge of the gel (PI > 9.5). The latter samples precipitated at the isoelectric point in the absence of salt. By addition of NaOH (0.1 mol/l), the solution became cloudy at pH values between 9.7 and 10.6 (column 4 in Table 1 ). Further addition of NaOH resulted first in the formation of a massive deposit and finally in complete dissolution at pH values between 10.3 and 12.3 (column 4). Precipitability was less marked in saline solution (column 5).
After having been adsorbed on SP Sephadex, the samples were eluted by superimposing a NaCl gradient. The elution curve relating the protein concentration to the salt concentration was most generally uniphasic but asymmetrical. The NaCl concentration corresponding to the elution peak (column 6) varied between 180 and 830 mmol/l and was linearly related to the PI or the average precipitating pH in distilled water (r = 0.96, A similar relationship existed between a, and PI or precipitating pH (r = 0.92, P < 0.001); a, was found to be equal to 3.5 nm for the native albumin and varied between 3.6 and 4.9 nm for the cationized derivatives. The percentages of monomer, dimer and higher polymers averaged In studying their biological effects, the samples were divided into three groups (Table 1) : (a) the weakly cationized samples (1 -8); (b) the highly cationized ones (9-16); (c) the five last samples (17) (18) (19) (20) (21) , showing a very high degree of cationization. The separation into three groups, rather than two, is justified considering the biological effects of these last samples.
Extrarenal effects of A'
Effects in vivo. Erythrocyte agglutination instantaneously appeared as A' and blood mixed in the perfusion catheter. Infusing a group 2 or a group 3 protein led to overt haemolysis after 90 min of perfusion. The Hb plasma level averaged 1.6*0.2mg/ml at the end of the procedure (n = 8). Eight dogs developed haemoglobinuria.
A bleeding tendency appeared during the second hour of the perfusion of highly cationized samples. Thrombocytopenia is illustrated in Fig. 1 and compared with the moderate decrease of platelet counts observed in sham-operated dogs. After 3 h of the perfusion, platelets were at 27% and 66% of the control value in A' perfused (n = 10) and sham-operated (n = 5) animals respectively (P< 0.01 at 5 and 6 h).
Plasma levels of fibrinogen also decreased more than was expected from blood dilution (Fig. 2) . Fibrinogen fell from 2.5 k 0.3 mg/ml to 0.4 f. 0.18 mg/ml after 170 min of the perfusion in the A+-perfused dogs (n = 10) and from 2.7 f. 0.58 mg/ml to 1.9 2 0.6 mg/ml in the saline-perfused controls (n = 5). The drop of fibrinogen in the latter was parallel to that of plasma proteins related to dilution and sampling.
Effects in vitro.
A" interacts with blood cells, platelets and plasma proteins. The concentration of A" agglutinating 50% of the cells in Ashby's test equalled 0.4mg/ml with C9 (group 1) and 0.5 10-2mg/ml with H6 (group 3) [25] .
Platelet aggregation was also observed in the aggregometer but was not investigated further.
A precipitate formed after the addition of A' to undiluted plasma. The interaction with fibrinogen is of special importance considering the morphological evidence illustrated later. A gelatinous deposit formed by mixing 1 ml of the fibrinogen solution (from 14 to 40 mg/ml) with 1 ml of the A" solution (from 0.7 to 7.0 mglml).
The weights of the dried gels were related to the amounts of reacting proteins and varied according to the degree of cationization of A' . For instance, at approximately equimolar concentrations of A' and fibrinogen (5 mg and 25 mg/ml respectively) the weights of dried gel were 0, 4.5, 16.9 and 14.3 mg with C15, C14, C13 and C18 respectively. 
Renal effects
Eight of the 25 dogs in this study were perfused with one of the weakly cationized samples (1-8). They constitute group 1. Thirteen dogs were studied using the samples 9-16 (group 2). The left kidney of one of these dogs became anuric and, for this reason, this dog was placed in the third group. Indeed, a left anuric kidney was the common feature of the four animals perfused with one of the most markedly transformed proteins Table 2 shows the means f SEM of GFR, PAH clearance (CPAH) and protein excretion (W,) for the left and right kidneys in each group for three collection periods: the control period (period I), the period of maximal proteinuria which is period 3, since in period 2 (not given) the values of GFR, CPA" and W, were essentially those of Urine samples from the left kidneys were examined by polyacrylamide-gel electrophoresis in (1 7-21) . Comparison of results for group 2 and group 1 showed no difference under control conditions, but during the experimental periods GFR was significantly lower and W, significantly higher in group 2 than in group 1 animals on comparison of the left kidneys (P< 0.05 for GFR and P < 0.01 for WR). Comparison between the right kidneys showed a significant difference for W, only (P < 0.025).
Group 3 (n = 5, A' 17-21, except for one dog).
Three dogs, forming group 3a, developed severe oliguria of the left kidney during the clearance study. Two dogs, forming group 3b, developed transient anuria; perfusion was immediately stopped and the experimental urinary collection periods were restarted when diuresis was restored. Diuresis of the right side was unaffected in both subgroups.
(a) Left kidneys: in group 3a, GFR decreased on the average by 47%, CPAH by 42%, and W, increased to 3.5 mg/min (range 0.44-5.5 mglmin), whereas, in the two dogs of group 3b, GFR was reduced by 97 and 9.576, CpAH by 96.6 and 94%. Their protein excretion was low or moderate in absolute terms (0.13 and 1.5 mglmin) but elevated if expressed per ml of GFR (0.09 and 0.79 mg/min per ml of CI,,) as compared with 0.007 mg in the control period.
(b) Right kidneys: since no difference appeared between the two subgroups, the averages for n = 5 are reported in Table 2 . Renal function was almost undisturbed, except for proteinuria, W, averaging 1.09 f 0.24 mglmin, which is comparable with the value obtained for the right kidney in group 2. The heterogeneous response of the left kidney prevented statistical comparison.
Fractional clearance of '25Z-PVP
The fractional clearances of '251-PVP ( @ w p ) were measured in five dogs of group 2 and one of group 3a. Fig. 3 illustrates the sieving curves relating @pvp to molecular size for molecular fractions 1.9-3.9 nm by radius for the left and the right kidney respectively.
The four curves in Fig. 3(a) and Fig. 3(b , , , , , t o CP3. 9 -showed that for a, higher than 2.5 nm (left kidney) and 2.7 nm (right kidney), the differences between experimental and control periods were significant when period 4 was compared with period 1. The evolution of CP for PVP molecules of size identical with albumin (a, = 3.7 nm) is illustrated in Fig. 4 . 
Morphological study
Glomeruli. Kidney specimens from six dogs of group 1, six of group 2 and three of group 3 were examined by light microscopy and electron microscopy. Three t o seven giomeruli per kidney, both left and right, were explored by electron microscopy.
Alterations in the left kidneys show increasingly severe damage when passing from group 1 t o group 3, whereas such a phenomenon was not observed in the right kidneys.
(a) Left kidneys: by light microscopy, only changes of minor significance were observed h group 1 animals. In three out of six, non-obstructive thrombi of agglutinated erythrocytes were seen in a few glomerular capillaries; rouleaux also formed in the vasa recta. The kidney appeared normal in the other three dogs.
Besides the above-mentioned alterations, two types of lesions were observed in group 2 animals.
(1) Cast formation in relation to marked proteinuria; casts were found in the distal tubes and the collecting ducts (Fig. 5(a) ); a proteinaceous precipitate was sometimes present in the Bowman's space. (2) Deposition of fibrin-like material in a few glomerular capillaries; this material, staining deep blue with Mallory's phosphotungstic haematoxylin, either stuck to the capillary wall or completely obstructed the lumen (Fig. 5(b) ).
The major characteristic in group 3 animals was vascular obstruction extending to the whole glomerulus, to the pre-and post-glomerular arterioles and to the vasa recta. The vessels were fiUed with homogeneous columns of 'sludged' blood ( Fig. 5(c)) .
By electron microscopy, the most striking abnormality in group 1 animals was the presence in the laminae rarae, interna and externa (LRI and LRE), of the sort of clumps described by Kanwar & Farquhar [21] after the administration of several cationic probes. Fig. 6 shows a tangential section of the GBM. The clumps are small, equally sized, regularly separated from each other in the LRE and in close contact with the foot processes. In the subendothelial space, inside the lamina densa (LD), coarser and sometimes triangularly shaped clumps are present in the LRI. No clumps were clearly identified in the lamina densa.
In two dogs of group 1 and the six of group 2, large electron-dense precipitates were found in the Glomerulus from the left anuric kidney of a group 3b animal (sample infused: C7; dose: 6.2 mg/kg body wt.). The afferent arteriole is obstructed by 'sludge' blood. some capillaries in the tuft are filled with still recognizable erythrocytes (X 400).
capillary lumen. Sometimes they looked like fibrin bunches without showing the periodicity of fibrin. This material was frequently seen within the endothelial fenestrae and penetrated within the LRI (Fig. 7) . It also formed elongated dense deposits sticking to the LD. They seemed to have taken the place of the subendothelial clumps. In group 2 animals, aggregated platelets and agglutinated erythrocytes were also frequently observed in the capillary lumen but they rarely obstructed the vessel. Focal alteration of the endothelial cells was not rare. The cells were swollen and cellular fragments were seen in the lumen. The epithelial sheet did not seem damaged. Fusion of pedicells was rather unusual. Fig. 8 illustrates a thrombotic lesion observed in group 3b animals. The thrombi contained aggregated platelets, erythrocytes, translucent cellular debris and some precipitated material.
(b) Right kidneys: by light microscopy, no difference was observed from one group to the other. The right kidneys were normal except for an occasional presence of agglutinated erythrocytes, as described in the left kidneys of group 1 animals.
By electron microscopy, clumps were seen in the LRI and the LRE of group 1, group 2 and group 3a but not in group 3b animals. They were identical in size and electron density to those of the left kidneys, Sparsely distributed subendothelial deposits were present in two kidneys, small spots of precipitated material were found in the capillary lumen of three (one of group 1, two of group 2); again they were much rarer than in the left kidney.
In the control group (n = 2 ) the perfusion of native dog albumin (76 mg/kg body weight) was not followed by the deposition of clumps in the lamina rarae.
The renal tubules. Focal patches showing tubular necrosis were found by light microscopy in the left kidneys of those dogs which rapidly became anuric (group 3b). Six left and four right kidneys, all from group 2 or group 3a, were examined by electron microscopy. Specimens from the outer cortex were obtained. The proximal tubules were generally normal except for the disappearance of the brush border of some cells. The apical pole of these cells was swollen and detached cellular fragments formed debris in the lumen. Swelling and slight vacuolization of the apical pole was also occasionally observed in the distal tubes.
Correlation between physiological and morphological data. Although complete morphological data were available for 15 animals, a morphologi- cal and physiological correlation is only possible for 13 since the two dogs in group 3b developed very early anuria and could only be studied in the post-anuric phase. The remaining 26 hdneys were divided into two categories, A and B, on the following criteria: absence (A) or presence (B) of structural damage, excluding the presence of clumps which were found to be present in all these kidneys. Thus 16 kidneys were classified as group A and ten as group B. Their distribution between left and right kidneys, and group 1, group 2 or group 3 , is shown in Table 3 . Twelve of the 13 right kidneys are found in group A and nine left kidneys are in group B. Moreover, the proportion of left kidneys in group A decreases from group 1 to group 3. These proportions are reversed when group B kidneys are considered.
The averages+ SEM for GFR and UV, are reported in Table 4 which allows a comparison between control and experimental periods in A and B kidneys. As expected, GFR did not vary in group A kidneys but UV, increased significantly from 0.3 * 0.005 mg/min to 0.63 mg/min (t = 3.13, P<O.Ol). On the other hand, in group B kidneys, GFR decreased by 25% on the average (t = 4.8, P < 0.001) while UV, increased from 0.23 -C 0.04 mg/min to 1.62 2 0.44 mg/min (t =
2.96, P<O.O2). Comparison between B and A
kidneys in the experimental periods shows significant differences for GFR and UVR (t = 2.49, P < 0.02 and t = 2.58, P < 0.02 respectively).
Discussion
Our first purpose was to examine if, in the dog, the neutralization of the fixed charges in the GBM was sufficient to produce an increased passage of native proteins in the glomerular filtrate and cause proteinuria.
FIG. 7.
Electron micrograph of a perpendicular section of a glomerular capillary wall from the left kidney of a group 2 dog. The protein C10 of PI 10-11.3 was infused (73 mg/kg body wt.). Dense prolate deposits are found in the subendothelial space. The endothelial sheet is pushed back by these deposits (the three small arrows). A luminal precipitate is seen to cross a fenestra to reach the subendothelial space (the two large arrows). (Tissue preparation as in Fig. 6 . X 49 400.) A positive answer to this question can be deduced from Table 4 , since in group A kidneys which showed neither morphological damage (except for the presence of clumps) nor any altered glomerular function, the UV, increased significantly. This conclusion is supported by taking into account that tubular reabsorption increases simultaneously with UV, as the filtered load is increased [33] .
The perfusion of A' also enhanced the porosity of the GBM to neutral macromolecules such as P W . In five dogs of group 2 and one of group 3a, the fractional clearance of PVP molecules comparable in size with albumin @3.7nm increased in both kidneys but this occurred much earlier in the preferentially perfused left kidney. On average @3.7nm was multiplied by a factor of 1.42 f 0.12 for the left kidney and 1.24k0.07 for the right at the end of the experiment. The ratio UVh(period4)/UVh(period is equal to 8.5 t 2.8 for the left kidneys and 6.0 * 0.95 for the right.
Thus there is no doubt that W, increased considerably more than could be reasonably explained by a change in size selectivity of the membrane alone. The charge effect of A' offers a satisfactory explanation for the difference in the behaviour of PVP and plasma proteins, chiefly serum albumin, at the glomerular wall.
Alteration of the size selective barrier properties has also been suggested by other authors who used synthetic polycations. Thus hexadimethrine allowed the passage of immunoglobulins into the urine [4] . Polyethylenimine, used in morphological studies, increased the number of cationic ferritin particles penetrating into the external aspect of the GBM when compared with controls, which is contrary to what would be expected by the loss of the fixed charges alone [34] . Applying the model previously described [35] to our PVP data, we calculated R the pore radius of an FIG. 8. Electron micrograph of a thrombosed capillary taken from the left kidney of a group 3b dog (same animal as in Fig. 5 c ) . The thrombus consists of granulated platelets (arrows). trapped erythrocytes and cellular debris (asterisk). The endothelial sheet seems to be preserved as are the epithelial cells. The clusters are not recognizable at this magnification. (Tissue preparation as in Fig. 6 . X 6800). equivalent isoporous membrane. and found R to increase from 5.08 2 0.062 to 5.28 * 0.05 nm in the left kidney (P < 0.05); whereas R equalled 5.28 5 0.10 nm in the right kidney during the fourth experimental period as compared with 5.10 ? 0.058 nm in the control period (P< 0.05). The increase in the pore size cannot be attributed to haemodynamic changes since angiotensin 11 has been found to have no effect on R in the dog [ 181 whereas prostaglandin E, decreased R slightly (R. Vanholder & P. P. Lambert, unpublished work).
The degree of the functional and structural changes is related to the degree of cationization of the protein infused. Passing from group 1 to group 3, renal function deteriorated progressively as the degree of cationization increased although the total amount of A' perfused per kg body weight decreased significantly from group 1 to group 3a (77 * 12 mg, 41.5 * 6.8 and 16.7 f 5.5 mg per kg body weight for group 1 , group 2 and group 3 animals respectively).
Acute renal failure developed in the preferentially perfused kidney with the most cationized samples. Renal failure resulted from the obstruction of the glomerular capillaries.
The factors responsible for clogging were: (1) the precipitation of amorphous or fibrin-like material and its deposition within the LRI in close contact with the LD; (2) platelet aggregation and thrombosis; (3) erythrocyte agglutination and haemolysis. These first three findings clearly depend on the extrarenal effects of A', whose pathogenic role has perhaps been somewhat The values reported in the Table are the number of kidneys with (group B) or without (group A) structural damage defined by the presence of amorphous or fibrin-like precipitates in the capillary lumen, large subendothelial deposits and/ or microthrombi. The presence of clumps in the laminae rarae was not considered as 'structural damage' in this classification since clumps occurred in all the dogs studied. n refers to the number of dogs of groups 1-3 (increasing degree of cationization as defined in Table 1 ) for which the kidneys were examined by electron microscopy. . All these phenomena developed in vivo almost instantaneously since the consequences of the extrarenal effects were much more severe in the preferentially perfused kidney, whereas right kidneys seemed to be protected from the effects of the perfusion, especially in group 3b animals. The pathological findings reported here bear a remarkable resemblance to those described by Thoenes & John [37] and by Robson et al. [38] in the fulminant form of the so-called 'haemolyticuraemic syndrome', a disease which affects mainly women at the time of delivery or in the postpartum, and children. Yet, morphological similarities are not sufficient to assigp a similar origin to the human disease. There are, however, some arguments to consider the possibility that in pregnant women, the disease could result from the release of some unknown endogenous basic protein. In pregnant women, Maddox et al. [39] found an increased plasma level of a protein which could not be immunologically distinguished from one of the basic proteins of eosinophilic granules. Furthermore, the evidence for a pathogenic role of cationic proteins on glomerular function is growing; for instance, a basic protein of streptococcal origin is now incriminated in the development of acute glomerulonephritis [40] . These observations justify further efforts to investigate a possible role of such proteins in the human haemolytic-uraemic syndrome and related renal diseases. 
